RuBP2 carboxylase has long been known as an essential enzyme for carbon assimilation in C3, C4, and CAM plants. A variety of experiments has been designed to detect the amount and activity of this enzyme in various parts of plant tissues. One of the most widely used and recently developed methods to determine the amount of this enzyme is the immunoquantitation method.
Guard cells of leaf epidermal tissues in many species are known to possess high levels of PEP carboxylase (29, 30) . The major pathway of carbon dioxide fixation in guard cells of Commelina communis, C. benghalensis, C. cyanea, Tulipa gesneriana, Tridax procumbens, and Allium cepa has been found to be through this enzyme (5, 10, 19-21, 24, 26, 28, 29) . Fixation of CO2 via PEP carboxylation leads to the formation of malate and aspartate in the isolated, detached epidermis of the species which have been investigated (26) . The production of malate has also been linked to the control of stomatal aperture by CO2 concentration, and the concentration of malate has been shown to increase during stomatal opening (2, 12, 14, 15, 25) . It epidermal tissues contain high levels, PEP carboxylase does not make a large contribution to the metabolism of the epidermal tissues (27, 31) . Raschke and Dittrich (16) suggested that the Calvin cycle is absent from the epidermal tissues of plants that they investigated, but there has been some speculation regarding Calvin cycle activity in the epidermis of Vicia faba (1, 10). This may be due to contamination of the epidermal tissue with mesophyll fragments, as it was more difficult to free the epidermis from mesophyll in this tissue than it was in the other species studied.
Outlaw et al. (13) (3) . Antisera for immunofluorescence was directed against 4-times recrystallized tobacco RuBP carboxylase. Four albino rabbits were given subcutaneous injections of a total of 10 mg crystalline RuBP carboxylase resuspended in Freund's complete adjuvant. Rabbits were given an intravenous booster containing I mg/ml RuBP carboxylase 1 week prior to collection of serum. Antiserum collected from all of the rabbits showed an optimal proportion of <0.5 titer (23). Serum specificity was determined qualitatively by Ouchterlony double diffusion (1 1). Normal serum was obtained from untreated rabbits.
For the immunofluorescent labeling of RuBP carboxylase in the transections of leaves, the indirect labeling approach described by Hattersley et al. (8) was used. The same method was altered slightly for the epidermal strips.
Epidermal strips were obtained from young and fully expanded leaves (in some CAM plants, the modified stems) of plants listed in Table I and were carefully screened for freedom from mesophyll contamination. In some cases, the lower and upper epidermal strips were obtained. The adhering mesophyll cells on the epidermal strips from some of the CAM plants were totally removed by rubbing the strips on their mesophyll side with a dissecting needle in distilled H20.
Epidermal strips were then immersed for I h in 70% ethanol. This alcohol treatment seems essential for the penetration of chloroplasts by antibodies (8) . Strips were then rinsed in buffered saline (0.1 M K-phosphate in 0.2 M NaCl, pH 7.5) for about 30 s and transferred to a small watchglass containing 10 ,ul of RuBP carboxylase antiserum (neat). After 2 h of incubation, the epider-antibody protein/ml, with a fluorescence/phosphorescence ratio mal peels were rinsed for about 30 min in three changes of of 2.76).
buffered saline (10 ml per wash) with thorough but gentle agitaAfter 90 min of incubation in the dark, the strips were rinsed tion. The strips were then transferred to another watchglass con-for another 30 min in buffered saline (three changes with 10 ml taining fluorescent isothiocyanate, labeled swine anti-rabbit im-per wash). The Preparations were photographed within 12 h of preparation. As the unsuitability of black and white film for recording results had been recognized in earlier studies (it often fails to distinguish clearly between specific fluorescence and autofluorescence of chloroplasts), Kodak high-speed Ektachrome reversal film (EHB 135; tungsten light; ASA 160; stored in the refrigerator until 1 day before use) was used. This is, perhaps, the best way to satisfactorily keep the visual records as color transparencies. The automatic exposure facilities of the Zeiss Photomicroscope camera (using integrated measurement) were used for photographing all frames.
RESULTS AND DISCUSSION
Of the 41 species examined for the immunofluorescent localization of RuBP carboxylase, many of the CAM species, alone, showed a positive response in their guard cells (Table I ; Fig. 1 , B, D, and E). Species following the C3 pathway exhibited fluorescence, though at a very low degree (Fig. I G) . Plants following the C4 pathway did not exhibit fluorescence at all (Fig. IF) . Some of the CAM species also did not clearly exhibit fluorescence, and the degree of fluorescence observed in these species is also of a varied nature. This may perhaps be due to an inefficient penetration of the antiserum of RuBP carboxylase in the epidermal cells, as these species often possess a very thick cuticle. In order to enhance the effective penetration of the antiserum into the epidermal cells, the epidermal peels of all plants examined were rubbed on their mesophyll side with a dissecting needle. This procedure did not improve the results obtained from unrubbed epidermal peels. To serve as a reference to this study, leaves and/or modified stems of all plants examined for guard cell immunofluorescence were also tested for their in situ immunofluorescent labeling of RuBP carboxylase in their mesophyll tissues. The observations on these leaves are consistent with the observations of Hattersley et al. (8) (Fig.1H) .
The assumption that the RuBP carboxylase antiserum, which was raised against tobacco RuBP carboxylase, may not be specific to the RuBP carboxylase found in the guard cells of C3, C4 and CAM plants cannot be held valid for the simple reason that the mesophyll of these tissues exhibited a very high degree of fluorescence with the same antiserum. It is also highly unlikely that the RuBP carboxylase of the mesophyll tissue would be different from that of the guard cells in the same plant.
There was very little autofluorescence observed in the guard cell chloroplasts, and, hence, whatever fluorescence was observed during the experiment must have been specific fluorescence. It has been demonstrated (8, 9 ) that detection of specific fluorescence was not hindered by chloroplast autofluorescence, inasmuch as this is rarely at or near the wavelengths of fluorescent isothiocyanate fluorescence. There was also no fluorescence observed in the normal serum control test (Fig. 1, A and C) , and, hence, the fluorescence observed in the anti-RuBP carboxylase serum test can be regarded as specific fluorescence.
There has been increasing doubt concerning the degreeof C3 activity in the epidermal cells of plants examined so far. The presence of RuBP carboxylase has been detected but with a low activity (29) . The activity of RuBP carboxylase, on both a Chl basis and a protein basis, has been found to be higher in leaf tissue minus epidermal tissue in the species so far investigated (7, 29) . The ratio of RuBP carboxylase to PEP carboxylase was also found to be considerably lower in the epidermal extract of C. communis (7).
In the absence of the occurrence of the C3 cycle in the epidermal tissue (13, 16) , it is currently believed that carbon must flow from the mesophyll to the epidermal tissue and, specifically, to the guard cells to maintain a carbon balance (27) . In their study on the carbon isotope discrimination of epidermal tissue and mesophyll tissues from the leaves of various plants to resolve the question of whether PEP carboxylase makes a significant contribution to net carbon gain in the epidermal tissue (and guard cells) independent of the underlying mesophyll, Willmer and Firth (28) observed that the values for the epidermal tissues were marginally, but consistently, less negative than were values for the mesophyll tissues. All values, however, were typical of C3 plants. This has been suggested to be indicative of a metabolite transport from mesophyll to epidermis, and the PEP carboxylase does not make a large contribution to net carbon gain of epidermal tissue (31) .
The detection of RuBP carboxylase in amounts necessary to display a relatively good fluorescence in at least some of the CAM species is intriguing. Experiments have not yet been carried out to determine the degree of activity of this enzyme relative to PEP carboxylase in these tissues. The role of PEP carboxylase has already been speculated, however, in the few species hitherto investigated. Localization of PEP carboxylase by the same immunoflourescent technique is also in progress in this laboratory.
Stomatal opening at night and closure during the day are essential characteristics of CAM. In general, stomates close in response to high, and open in response to low, CO2 concentration. It has also been reported that there may be a possibility for causal relationship between internal CO2 concentrations and stomatal resistance in CAM plants (4) . The internal CO2 concentration in CAM tissues has been found to be greater than that of ambient air in the light (4) . Although it is premature to attach any regulatory role for the RuBP carboxylase in the guard cells of CAM plants in the absence of suitable enzyme studies, it may be possible to assume some role for this enzyme in the CO2 fixation process.
